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OBSERVATIONAL EFFECTS OF INTERACTION 
I N  THE SEYFERT GALAXY NGC 7469 
I .  P r o n i k  and L. M e t i k  
Crimean A s t r o p h y s i c a l  O b s e r v a t o r y  
USSR 
ABSTRACT. Some p e c u l a r i t i e s  of t h e  circummucleus of t h e  S e y f e r t  
g a l a x y  NGC 7469 were r e v e a l e d ,  p l a u s i b l y  caused  by i n t e r a c t i o n  
w i t h  t he  s a t e l l i t e  I C  5283 and a s t a r l i k e  d e t a i l ,  s i t u a t e d  on t h e  
edge  of t h e  w e s t  s p i r a l  b ranch  14" from t h e  n u c l e u s .  Shock 
e x c i t e d  H I 1  r e g i o n s  were no ted  i n  t h e  p a r t  of NGC 7469 t u r n e d  
toward  t h e  s a t e l l i t e  I C  5283. The g a l a x y ' s  c e n t r a l  r a d i o  
s t r u c t u r e  ( A  - 6 c m )  s t r e t c h e s  i n  t h e  d i r e c t i o n  toward t h e  
s a t e l l i t e  I C  5283 and t h e  s t a r l i k e  d e t a i l .  The spectum and color 
index  of t h e  s t a r l i k e  d e t a i l  s u g g e s t  t h a t  it is a c l u s t e r  of 




NGC 7469 = MGC 1-58-25 = Arp 298 is t h e  main member of t h e  
p a i r  Holmberg 803, having  as a s a t e l l i t e  t h e  i r r e g u l a r  g a l a x y  I C  
5283 (see F i g u r e  1). Its morpho log ica l  t y p e  is Sa (Humason e t  
a l . ,  19561, z = 0,0170 (Burbidge  e t  a l . ,  1963) ,  MV = -21m 
(DeRoberts  and Pogye, 1986) .  W e  t a k e  1" a t  t h e  d i s t a n c e  of NGC 
7469 to  be 325 pc. In te rs te l la r  a b s o r p t i o n  i n  o u r  Galaxy i n  t h e  
NGC 7469 r e g i o n  is n o t  h igh  - Av = 0,25m (Weedman, 1973) .  
7469 has  t w o  s p i r a l  s t r u c t u r e s  - t h e  i n n e r  b r i g h t  and o u t e r  
f a i n t ,  d imens ions  of w h i c h  are 33" or 11 kpc and 100" or 33 kpc 
c o r r e s p o n d i n g l y .  P o s i t i o n  a n g l e  of t h e  l i n e  of nodes is e q u a l  t o  
NGC 




F i g u r e  1. Holm.803 p a i r  pho to  a c c o r d i n g  t o  Burbidge e t  a l .  
( 1 9 6 3 ) .  a - n u c l e a r  r e g i o n ,  b, c ,  d ,  e ,  - d e t a i l s  of NGC 7469. 
Ab - shows d i r e c t i o n  of s p e c t r o g r a p h  s l i t  (see t e x t ) .  
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F i g u r e  1 shows t h a t  b o t h  g a l a x i e s  of  t h e  pair  are o r i e n t e d  
i n  such a way, t h a t  a large part  of  e a c h  g a l a x y  s u r f a c e  t u r n s  
toward its ne ighbor  . The p r o j e c t e d  d i s t a n c e  between t h e  members 
of t h e  p a i r  is 1 , 2  or 23 ,s  kpc ,  T h i s  d i s t a n c e  is less t h a n  t h e  
d imens ion  of t h e  o u t e r  s p i r a l  s t r u c t u r e  of NGC 7469, The 
d i f f e r e n c e  i n  r a d i a l  v e l o c i t i e s  of the pa i r  members is 68 km/s 
( d e  Vaucouleurs  and d e  Vaucou leu r s ,  1964)  . So it is v e r y  
p o s s i b l e  t h a t  e f f e c t s  of t i d a l  a c t i o n  w i l l  be n o t i c e a b l e .  
P u b l i s h e d  and o u r  d a t a  c o n f i r m  t h i s  s u p p o s i t i o n  as a p p l i e d  t o  t h e  
i n n e r  s p i r a l  s t r u c t u r e  . 
The i n n e r  s p i r a l  s t r u c t u r e  of NGC 7469 s u r r o u n d s  its c e n t r a l  
r e g i o n  c o n t a i n i n g  a typ ica l  Sy I n u c l e u s  (Khach ik ian  and Weedman, 
19741, w i d t h s  of p e r m i t t e d  l i n e s  b e i n g  10 - 15  000 km/s ( P r o n i k ,  
1975) .  T h i s  nuc leus  h a s  l a r g e  W e x c e s s  ( L y u t y i ,  19721, b r i g h t  
X-ray e m i s s i o n  ( M a r s h a l l  e t  a l . ,  1981; P e t r e  e t  a l . ,  1 9 8 4 ) .  
F i g u r e  1 shows t h a t  i n n e r  s p i r a l  s t r u c t u r e  is more r e g u l a r  i n  t h e  
s o u t h e r n  p a r t  of t h e  g a l a x y  o p p o s i t e  t h e  s a t e l l i t e  I C  5283. Its 
amorphous s t r u c t u r e  is t u r n e d  toward t h e  sa te l l i t e .  S p i r a l  arms 
come to  an end on s t a r l i k e  d e t a i l s  "b" and "c", between which 
amorphous d e t a i l s  "d" and "e" are s e e n ,  One can  suppose  t h a t  
t i d a l  f o r c e s  do n o t  permit t h e  f o r m a t i o n  of r e g u l a r  s p i r a l  
s t r u c t u r e  toward I C  5283 s i d e .  DeRober t i s  and Pogge (1986)  
supposed t h a t  d e t a i l  "b" is a s t a r  of o u r  Galaxy. While  
a n a l y z i n g  p u b l i s h e d  d a t a  w e  have n o t i c e d  t h a t  d e t a i l  "b" is 
connec ted  w i t h  t h e  c i r c u m n u c l e a r  s t r u c t u r e  of NGC 7469. F i g u r e  1 
shows t h a t  t h e  western s p i r a l  arm makes an a b r u p t  t u r n  to  t h e  "b" 
d e t a i l  and a j e t - l i k e  f i l a m e n t  "g" is d i r e c t e d  from t h e  n u c l e u s  
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t o  t h i s  d e t a i l .  One can  see t h a t  NGC 7469 i n t e r a c t s  n o t  o n l y  
w i t h  t h e  s a t e l l i t e  I C  5283, b u t  also w i t h  t h e  d e t a i l  "b". 
L e t  u s  c o n s i d e r  F i g u r e  2 ,  which i l l u s t r a t e s  t h a t  i n  t h e  6-cm 
r a d i o  on 6 c m  of NGC 7469 t h e r e  are t h r e e  d i r e c t i o n s  of 
e x t e n s i o n :  (1) a l o n g  t h e  l i n e  of nodes,  (2) toward o b j e c t  "b", 
and ( 3 )  toward I C  5283. Thus t h e  r a d i o  s o u r c e s  are l o c a t e d  a l o n g  
t h e  d i r e c t i o n  of t h e  g r e a t e s t  s te l lar  s p a c e  d e n s i t y  i n  t h e  ga l axy  
and i n  t w o  d i r e c t i o n s ,  f i x e d  by t h e  s a t e l l i t e  and t h e  s t a r l i k e  
o b j e c t  "b" . 
IC 5283 
NGC 
F i g u r e  2. Radio i s o p h o t e s  of c e n t r a l  r e g i o n  of NGC 7469 a t  6 c m  
a c c o r d i n g  t o  U l v e s t a d t  e t  a l .  (1981)  projected on t h e  photo  of 
t h e  ga l axy .  1 , 2 , 3  - d i r e c t i o n s  of r a d i o  i s o p h o t e s  s t r e t c h i n g .  
334 
The S e y f e r t  n u c l e u s  of NGC 7469 is su r rounded  by large 
numbers of young stars and H I 1  r e g i o n s ,  as shown by s p e c t r a l ,  
photometrical ,  I R ,  and r a d i o  i n v e s t i g a t i o n s ,  Humason e t  a l .  
(1956)  estimated the  spectral t y p e  of t h e  c e n t r a l  r e g i o n  of NGC 
7469 as F5, C u t r i  e t  a l .  (1984)  o b s e r v e d  t h e  g a l a x y  i n  CO band, 
3 , 2  p and c a l c u l a t e d ,  t h a t  t h e  h e a t i n g  of obse rved  d u s t  t o  
T = 300 K can be made by c e n t e r s  of s ta r  f o r m a t i o n .  A c t i v e  s t a r  
f o r m a t i o n  here is conf i rmed  by r a d i o  o b s e r v a t i o n s  a t  6 c m  w i t h i n  
a 10" r e g i o n  ( U l v e s t a d  e t  a l . ,  1 9 8 1 ) .  Wilson e t  a l .  (1986)  
e s t i m a t e d  t h e  lower l i m i t  o f  b o l o m e t r i c  l u m i n o s i t y  of c e n t r a l  
g r o u p  of young stars as l o 9  - 6.1010 L,. 
b l u e  stars i n  t h e  c e n t r a l  par t  of NGC 7469 t h e r e  are e x t e n s i v e  
T o g e t h e r  w i t h  t h e  young 
g a s e o u s  n e b u l a e  w i t h  v a r i o u s  mechanisms of  e x c i t a t i o n .  Accord ing  
t o  Burbidge  e t  a l .  (19631,  Ha f [ N I I ]  e m i s s i o n  is obse rved  t o  10"  
f rom t h e  c e n t e r .  
[01113 e m i s s i o n  of Ha, 2 , 1 2  p f  and 60 2,6 mm is obse rved  i n  t h e  
7y5 d i a m e t e r .  H I I b r e g i o n s  are p a r t l y  d i v i d e d  by mechanisms of 
e x c i t a t i o n  i f  t h e y  are l o c a t e d  on the  s a t e l l i t e  s i d e  or on t h e  
o p p o s i t e  s i d e .  I n  F i g u r e  3 one can  see b o u n d a r i e s  of H I 1  r e g i o n s  
a c c o r d i n g  t o  DeRober t i s  and Pogge (1986)  d a t a .  Gaseous f i e l d s ,  
hav ing  h i g h  and l o w  I /I[o11ll r e l a t i o n s  are shown by t h i c k  and 
d o t t e d  l i n e s  c o r r e s p o n d i n g l y .  The f irst  are t h e  r e g i o n s  where 
Now t o g e t h e r  w i t h  H a  + [ N I I ]  and X 5007 A 
B 
h o t  stars are r e s p o n s i b l e  f o r  hydrogen e x c i t a t i o n .  They are 
c o n c e n t r a t e d  i n  t h e  c e n t r a l  and s o u t h  par t  of t h e  g a l a x y .  The 
second  r e g i o n s  can  be e x c i t e d  by c o l l i s i o n .  They p r e f e r  t h e  
s a t e l l i t e  s i d e  of t h e  g a l a x y .  I t  is i n t e r e s t i n g  t h a t  both t y p e s  
of  H I 1  r e g i o n s  a v o i d  t h e  s u r r o u n d i n g s  of d e t a i l  "b". 
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Figure  3. Boundaries of HI1 r eg ions  of d i f f e r e n t  re la t ions 
I / I [ O l l l l  according to De Robertis and Pogge (1986) p r o j e c t e d  
04 t h e  photo of t h e  ga l axy t  solid l i n e s  and shaded reg ions  
being high,  dotted l i n e s  - IB/ I~ol l l l  being l o w .  - x s ~ l I o l l l l  
I n  order to i n v e s t i g a t e  t h i s  phenomenon, w e  obtain s p e c t r a  
a t  6-m telescope wi th  d i s p e r s i o n  95 A/mm and scale 1735 p e r  nun, 
and direct images wi th  t h e  glass f i l t e r s  a t  the TV MTM-SO0 
t e l e s c o p e  of t h e  Crimean Observatory.  Unwidened s p e c t r a  were 
obfained wi th  slit width 038 and 10 min exposures.  Seeing 
336 
was 175. The slit crossed details "b" , Itc II , I'd I1 , and We 11 
simultaneously. Figure 4 show wo sgktral regions for t%e 
details. In the spectrum of detail "b" theretare no bright 
emission, or absorption, lines. According to t spectrum of 
detail "c" it is a typical HI1 region excited by hot stars: 
line is brighter than [OIII], H is brighter than [NII],. Quite 
different relations of forbidden and permitted line intensities 
U 
show in the spectra of details "d" and "e": here the forbidden 
lines are almost equal- in intensity to the neighboring permitted 
lines. The relative intensities of these lines are shown in the 
) i '  
Table . Errors obtain9.d from doublet members' intensities are 
equal to &8%, So the tral data cbn'firm the supposition that 
HI1 regions on the satal ide may be excited by collisions. 
TABLE 
Relative Intensities of Emission Lines 
in the "d" Detail Spectrum 
I 
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NGC 7469 w i t h  t h e  d e t a i l s  as on 
F i g u r e  1. L e f t  - s p e c t r u m  of  t h e  r e g i o n s  o b t a i n e d  w i t h  t h e  s l i t  
p o s i t i o n  A b .  
What is t h e  n a t u r e  o f  o b j e c t  "b" a c c o r d i n g  t o  its 
s p e c t r u m ?  I n  t h e  spectral  r e g i o n  4000-7000 A t h e r e  are b u t  t h r e e  
p rominan t  e m i s s i o n  l i n e s ,  which i n  t h e  scale o f  l a b o r a t o r y  
w a v e l e n g t h s  c o i n c i d e  w i t h  X 5050 A,  5100 A, and 6800 A. T h e r e  
e x i s t  also some weak a b s o r p t i o n  and e m i s s i o n  d e t a i l s .  We t r i e d  
t o  i d e n t i f y  t h e s e  spectral  d e t a i l s  and were f o r c e d  t o  assume t h a t  
t h e y  be long  t o  t h e  gas systems o f  d i f f e r e n t  rad ia l  v e l o c i t i e s  
(see F i g u r e  5 )  . If o u r  a s sumpt ion  is correct, t h e n  t h e  g a l a x y  - 
NGC 7469 c o n t a i n s  t h r e e  g a s  s y s t e m s  w i t h  d i f f e r e n t  r a d i a l  
v e l o c i t i e s :  5075, 6300, and 10,800 km/s. I t  is w e l l  known t h a t  
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\ere e x i s t  t w o  g a s  sys t ems  of d i f f e r e n t  r a d i a l  v e l o c i t i e s  i n  NGC 
1275: 5000 and 8000 km/s ( M i n k o w s k i ,  19571, I t  is worth n o t i n g  
t h a t  t h e  g a s  sys t ems  of NGC 7469 are markedly weaker and smaller 
t h a n  t h o s e  of NGC 1275. I t  is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  g a s  
of t h e  lowest v e l o c i t i e s  i n  both  g a l a x i e s  c o n t a i n s  more or less 
e x t e n s i v e  r e g i o n s  of shock e x c i t a t i o n .  On F i g u r e  6 one can see 
r e l a t i v e  i n t e n s i t i e s  of e m i s s i o n  l i n e s  of s e v e r a l  know l o w  
v e l o c i t y  g a s  s p e c t r a ;  t h e y  co r re spond  more t o  t h e  s t a t u s  of g a s  
i n  t h e  Cygnus Loop (a known, supernova remnant ,  t he  mechanism of 
e x c i t a t i o n  be ing  of shock  o r i g i n ) ,  t h a n  t o  r e g u l a r  gaseous  
n e b u l a e  i n  s p i r a l  arms of g a l a x i e s .  
T I  NGC 7L69 
F i g u r e  5.  Spectrum t r ac ing  of object "b" i n  t h e  b lue  ( a )  and r e d  
( b )  w i th  t h e  proposed  i d e n t i f i c a t i o n  of e m i s s i o n  l i n e s  (see t e x t ) .  
-1.6 1, I 1 a, 
-1.0 0 1 .o 
F i g u r e  6. Relat ive i n t e n s i t i e s  of emission l i n e s  f o r  HI1 r e g i o n s  
of s p i r a l  g a l a x i e s  ( shaded  arc and c i r c l e s ) ,  g a s  of low v e l o c i t y  
i n  NGC 1275 (ovals)  and i n  NGC 7469 ( s q u a r e )  and Cygnus Loop 
(po in t s )  (Metik and P r o n i k ,  1990) .  
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R e s u l t s  of BVR pho tomet ry  of o b j e c t  "b" are shown on F i g u r e  
7. Its p o s i t i o n  on two-color gram shows t h a t  i f  it is a s t a r  
i i 
of o u r  Galaxy,  t h e n  it 
spectrum of t h e  o b j e c t  
r e g i o n  5000 - 5200 A - 
t h i s  o b j e c t  is a g roup  
a b s o r p t i o n  is n o t  less 
I f  t h e  o b j e c t  "b" 
b e l o n g s  t o  K 2 - K 5  s p e c t r a l  class. But t h e  
does  n o t  show t h e  t y p i c a l  b l end  i n  t h e  
MgI + MgH band. T h e r e f o r e  w e  assume t h a t  
of e a r l y  stars and d u s t  where t h e  
t h a n  Av = 3m (see F i g u r e  7 ) .  
NGC 7469, it must be a 
huge compact g roup  of stars w i t h  a b s o l u t e  magni tude  Mv = - lgm.  I t  
c o n t a i n s  a l o t  of e a r l y  s ta rs  and d u s t  bu t  is almost f r e e  from 
' _  e.. ~ 
g a s .  Such huge s ta r  c l u s t e r  m u s t  be r e s p o n s i b l e  f o r  p e r t u r b a t i o n ,  
l e a d i n g  to  g r a v i t a t i o n a l  i n s t a b i l i t y  of t h e  g a l a x y  d i s c ,  t h u s  
+ 
c a u s i n g  a r e a s o n  of  matter t o  f a l l  toward t h e  c e n t e r  of t h e  g a l a x y  
s I .  
, r  
( S o t n i k o v a ,  1 9 8 8 ) .  G a s  a c c u m u l a t i o n  i n  t h e  c e n t e r  of g a l a x y  
creates t h e r e  t h e  c o n d i t i o n s  f o r  r e c e n t  s t a r  f o r m a t i o n  and 
g e n e r a t i o n  of  S e y f e r t  n u c l e i .  
F i g u r e  7. Two-color d i ag ram f o r  PIS stars ( S t r a i z y s ,  19771, NGC 
7469 o b j e c t  "b"' (cross and details  of NGC 1433 SBab g a l a x y  
( s h a d e d  q u a d r a n g l e  - Buta ,  1986) .  The arrow shows t h e  l i n e  of  
r edden ing .  
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